Abstract
Introduction

45
The frequent outbreak of cyanobacterial blooms in eutrophic freshwaters is a global 46 issue, posing serious threats to aquatic life, human health, water quality, commercial 47 fisheries, and coastal aesthetics (Falconer, 1999; Guo, 2007; Hawkins et al., 1985) . However, economic concern may largely limit the application of the methods at large 65 scale due to the high cost of these materials. MO is extracted from MO seeds which are not easily available in many parts of the world, and it is still lack of commercial 67 products as coagulants (Sengupta et al., 2012) . For commercially available PAC, it 68 cannot be biodegraded although it is relatively cheap, which may be a concern for the 69 ecological sustainability. Previous studies suggest that high algal removal efficiency 70 using local clay/sand/soil can be achieved through the two-component modifier 71 mechanism (e.g., chitosan-PAC or chitosan-MO) (Li and Pan, 2013; Pan et al., 2011a) .
72
In this mechanism, one modifier is responsible for charge modification that makes 
91
Algal floc stability is an important property for effective algal removal. The formed 92 flocs are often exposed to a range of stresses such as current and wind induced 93 turbulence in fields, which may result in floc breakage and the lost of algal removal.
94
Descriptive methods are currently used to quantify algal floc stability (e.g., floppy, 95 fragile, dense), which have hindered further studies and applications of the technology.
96
Flocs can be broken under an increased shear force, and the reduction of floc size and 97 the shear force applied can be used to quantify its stability (Parker et al., 1972) . So far, 98 few studies have been seen on the characterization of algal floc stability in the area of 99 cyanobacterial bloom mitigation.
100
In this study, CS was used to modify lakeside soil to flocculate and settle 
Cationic starch preparation
118
Corn starch with a moisture content of 11.4% was purchased from Unilever Co.,
119
Ltd., China. CS was prepared using microwave-assisted method (Lin et al., 2012) . Chl-a was measured after sedimentation for 30 min using the method prescribed in The isoeletric point of the native soil was pH 0.5 (Fig. 1) . After it was modified by 189 CS, the isoeletric point was remarkably increased to pH 11.8, making the soil possess 
Effect of floc breakage
232
The algal removal using CS modified soil was not significantly influenced by the 233 pH condition in the wide pH range of 4.0-10.0 (Fig. S2) . However, the algal floc 
Charge neutralization and algal flocculation 263
When the soil was modified by CS, the surface charge of CS modified soil was 264 switched from negative to positive under wide pH range less than 11.8 (Fig. 1) . This is At the low CS dosage of 5 mg/L, limited algal removal efficiency of 71% yet 272 reasonably large flocs of 700 μm were achieved (Fig. 3A, B) . This is because when
273
CS was lowly dosed, only parts of algal cells were combined with the modified soil reasonably large ones (700 μm) by the long chains of CS (Fig. 3A) . The 278 sedimentation of these large flocs was therefore fast (Fig. 3B) . For algal cells left in 279 the overlying water, the ZP was increased from -46.2 to -9.9 mV (Fig. 2) flocs into large ones (830 μm) with the bridging of CS chain (Fig. 3A) . The 285 flocculation kinetics was therefore fast (Fig. 3B) . At the high CS dosage, dispersion bridging mechanisms operates the algal flocculation using CS modified soil.
292
A jar test using the field samples is always necessary to assure the algal removal 293 effect and optimize the material dosage before practical application. Algal 294 flocculation using natural bloom water from Lake Taihu (China) indicated that large 295 flocs could be formed and colonial M. aeruginosa could be effectively removed using
296
CS modified soil (Fig. 5) . The chl-a concentration was decreased from 0.8 to 0.03 the formed flocs may still float in the water column with the aid of buoyancy (Fig. S3) .
307
Harvesting measures such as air flotation and mechanical collection will be needed to 308 achieve algal removal, which inevitably adds substantial extra work and costs.
309
Although soil particles may consume parts of CS (9% in this study, Fig. S4 ), it is 310 worthwhile to slightly increase the loadings of cationic starch to achieve the is less affected by the pH condition within this range (Fig. S2) . However, the floc where MO is non-indigenous, since MO can be very expensive when they are 349 exported to some places (Table S1 ). In this study, the cost of CS is estimated to be 350 1650 US$/ton, which is more expensive than PAC (650 US$/ton) but much cheaper 351 than chitosan (22,800 US$/ton) and MO (seeds, 96,074 US$/ton) in China (Table S1 ).
352
The modifier cost of using CS modified soil to achieve algal removal efficiency of 
Environmental implications
358
In recent years, geo-engineering has triggered much interest as a tool for to be used. In fields, washing and particle fractionation approach can be used to select condition did not significantly influence algal removal effect except the floc stability.
390
The flocs formed at acid and alkaline conditions were more prone to be broken than 
